This paper presents the results of an experimental study on the distribution of strain on a 6 unidirectional basalt fiber-reinforced polymer (FRP) wrapped around concrete cylinders. A total 7 of 12 cylinders (150 mm x 300 mm) were wrapped with 2, 4, and 6 layers of basalt FRP (BFRP) 8 and the distribution of hoop strain under axial compression load was studied using multiple strain 9 gauges. The new aspect of this study is the use of BFRPs as a new construction material for 10 wrapping concrete elements with a focus on the distribution of hoop strain towards refining design 11 strain of the wrap. Also, the effect of number of BFRP layers on the premature rupture of the wrap 12 with respect to flat coupon test was evaluated in the form of a strain efficiency factor. It was 13 concluded that the maximum hoop strain was not necessarily associated with the ruptured areas of 14 the wrap. Also, an analysis of variances showed that the difference between hoop strains in the 15 overlap and non-overlap regions was non-significant and an average hoop strain can represent the 16 overall dilation of the specimens. The average strain efficiency factor was found ranging from 0.61 17 to 0.86. The test data was added to a large database of concrete cylinders wrapped with 18 unidirectional FRPs and after statistical evaluations a refined strain efficiency factor of 0.70 was 19 proposed instead of the current factor of 0.55 in ACI 440.2R-17 for design applications. 20 During the past three decades, the use of externally bonded fiber-reinforced polymer (FRP) 24 composites for strengthening existing reinforced concrete (RC) columns have been extensively 25 investigated [1][2][3][4][5]. Unidirectional FRP wraps made of carbon [6][7][8][9][10], glass 26 [11][12] [13], and aramid [14][15] [16] have been typically applied in the circumferential (i.e. hoop) 27 direction of circular cross-section of concrete specimens and tested under axial compression. 28 Recently, basalt fibers have gained increasing attention as FRP materials for strengthening 29 applications especially as an alternative to glass fibres (typically E-glass) [17][18] [19]. 30 Basalt is a natural, hard, dense, dark brown to black volcanic rock originating at a depth of 31 hundreds of kilometers beneath the earth and reaching the surface as molten magma [20]. The 32 current production technology for continuous basalt fibres is very similar to that used for E-glass 33 fibers. The main difference is that E-glass is made from a complex batch of materials whereas 34 basalt filament is made from melting basalt rock with no other additives. The simplicity of the 35 manufacturing process reduces the production cost of basalt fibers [21]. As the production process 36 does not require additives and a lower amount of energy is needed, it benefits in terms of 37 environmental impact, economics, and plants' maintenance [22]. The quality and the chemical 38 composition of the raw material have a major effect on cost and properties of basalt fibers and can 39 lead to a broad range of fibres with different mechanical properties [22]. As a result, elastic 40 modulus and strength of basalt FRP (BFRP) composites should be evaluated carefully.
INTRODUCTION
in the radial directions at 90° and 270° angles in addition to the axial ones. A 2 MN universal 183 testing machine was used for testing with 0.6 mm/min displacement control loading rate. In 184 addition to the strain and displacement gauges, the load and stroke were also collected by a data 185 acquisition system at the rate of 10 data points per second. 188 This section presents the details of failure mode, effectiveness of BFRP wraps, stress-strain 189 behavior, hoop strain distribution, strain efficiency factor, and refinement of strain efficiency 190 factor for design applications. the failure of BFRP-wrapped cylinders was less explosive. This can be explained by lower 204 modulus and strength of BFRPs than CFRPs and the fact that less energy was released at the time of failure. At the same time, the strength gain was significant as it is discussed in the following 206 section. 207
TEST RESULTS AND DISCUSSION

Effectiveness of BFRP Wraps
208
The test results of BFRP-wrapped specimens are summarized in the results show an average confined concrete strain (εcc) of 0.0080 mm/mm (±5.22%), 0.0200 214 mm/mm (±3.03%), and 0.0238 mm/mm (±16.23%) for the specimens wrapped with 2, 4, and 6 215 layers of BFRPs, respectively. It means wrapping the plain concrete cylinders with 2, 4, and 6 216 layers of BFRPs increased the strain of plain concrete at peak load with a factor of 2.77, 6.95, and Figure 5 shows the stress-strain behavior of all specimens. Overall, the stress-strain curves of the 224 wrapped specimens can be considered in three zones. In the first zone, the behavior of the wrapped 225 concrete is mostly linear and similar to the plain concrete. In the second zone, as the concrete core 226 dilates and the wrap is activated, the wrap is stretched and a tension stress in the wrap and a 227 confinement stress on the concrete core are induced. In the third zone, because of large dilation, When volumetric strain becomes zero (i.e. volume of cylinder equals to initial volume), the third 251 zone can be considered to begin. At this point the wrap is fully activated as the specimen enters to 252 volume expansion. The specimens with 2 BFRP layers experienced a fast rate of volume expansion 253 with a shallow third zone, which indicate the low stiffness of the wrap. As the number of BFRP 254 layers increases, the slope of the third zone increases showing a significant gain of strength. In 255 order to characterize the dilation properties of the specimens, dilation rate (μ) of each specimen 256 can be calculated as follows:
where Δεa is the change of average axial strain and Δεh is the change of average hoop strain. The
258
dilation rate was calculated based on the ratio of the slope of a line fitted into the axial strain for 259 10 adjacent data pints to that of the hoop strains rather than using only 2 adjacent data points to 260 filter localized noises. Figure 7 shows the variation of dilation rate vs. axial strain of the specimens.
261
Technically, the dilation rate is the Poisson's ratio of concrete at the first zone of stress-strain curve 262 (i.e. linear behavior). Then, as the axial strain increases, the dilation rate increases almost 263 exponentially. For plain specimens, the dilation rate approaches to infinity, which means crushing 264 and spalling of concrete. For BFRP-wrapped specimen, the dilation rate reaches to a peak point 265 and then decreases. It seems the axial strain corresponding the peak dilation rate corresponds to 266 the strain of plain concrete at peak load. As the number of BFRP layers increases, the peak dilation 267 rate decreases. As shown in Figure 7 , the dilation rate of the specimens with 6 BFRP layers reaches strain has an almost uniform distribution. As axial stress increases, the hoop strain increase in a 286 non-uniform pattern with a higher rate of increase in the non-overlap region. The non-uniform 287 pattern with a peak at 180° (i.e. middle of non-overlap region) continues, until the wrap ruptures 288 at the peak hoop strain of 0.0186 mm/mm, which is less than the rupture tensile strain of 0.0253 289 mm/mm corresponding to the flat coupon tests presented in Figure 1 . Table 2 presents L6-1, respectively. As shown, when the axial stress of the specimen is as low as 50 MPa (i.e. 0.65 294 f'cc for L4-1 and 0.53 f'cc for L4-1), the hoop strain has an almost uniform distribution. As axial stress increases, the hoop strain of L4-1 and L6-1 increase in a non-uniform pattern with a higher 296 rate of increase in the non-overlap region. The non-uniform pattern with a peak at 240° and 180° 297 (i.e. almost middle of non-overlap region) continues until the wrap ruptures at the peak hoop strain 298 of 0.0211 and 0.0228 mm/mm, respectively, which is less than the rupture tensile strain of 0.0253 299 mm/mm. Overall, all specimens failed with a peak hoop strain around middle of non-overlap 300 region lower than the rupture strain of flat coupon tests. However, as the number of BFRP layers 301 increased, the peak hoop strain reached closer to the flat coupon rupture strain. Table 2 summarizes 302 the average of all hoop strain gauges, peak hoop strain values, and the ratio of the peak over the 303 average at the peak load of each BFRP-wrapped specimen. It indicates that the average ratio for 304 specimen with 2, 4, and 6 layers of BFRPs is 1.12, 1.08, and 1.14; respectively. 305 Figure 10 shows the effect of number of BFRP layers on distribution of hoop strain at peak 
The ANOVA analysis tests whether the F-value is significantly greater than a critical value resulting an average experimental strain efficiency factor of 0.70 with a standard deviation of 0.25.
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To evaluate the effect of the refinement, the FRP confinement model of ACI 440.2R-17 is used.
368
The model was initially proposed by Lam and Teng [37] as follows:
where f′cc is the confined concrete strength, f′co is the unconfined concrete strength, and fl is the 370 confining stress defined as:
where Ef is the elastic modulus of the FRP wrap in the hoop direction, t is the total thickness of the 372 FRP wrap, D is the diameter of the concrete core, and εfe is the the effective strain defined in Eq.
373
(5). The confinement model was used to predict the confined concrete strength as presented in axis is the experimental value and the vertical axis is the predicted value. It is noted that the 376 fundamental approach to quantify the strain efficiency of FRP wraps is using the compressive 377 constitutive law of FRP-confined concrete. As it was mentioned earlier, the analysis is complicated 378 and beyond the scope of this study. The focus of the analytical section of this study is only 
CONCLUSION
